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• Diverse and valuable resource 
 

• Important providers of habitat 
structure for fishes and 
invertebrates 
 

• Conservation concern 
 slow growth rates 
 vulnerability to bottom disturbance 

 

• Need for spatial information on 
deep-sea coral distribution  
 poorly explored 
 deep sea surveys are logistically difficult 

and expensive 
 

Deep-Sea Corals 
 

 



Leiopathes presences 

Models are an Essential Tool for Spatial Planning & Management 
 

 

Leiopathes presences overlaid on model 

Photo credit: NOAA OER 



• Conservation planning 

• Ecosystem-based fisheries 
management 

• Siting and environmental impact 
assessment for offshore activities 
(e.g. ocean energy, mining) 

• Damage assessment and 
restoration 

• Targeting future mapping and 
exploration efforts 

• Ecological studies 

 

Value of Modeling 
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Deep-Sea Coral Habitat Suitability Modeling (Presence-only Models) 



Data Preparation 

Mean Bottom 
Temperature 

Mean Bottom 
Dissolved Oxygen 

Mean Surface 
Chlorophyll-a 

Rugosity (370m) 

Sediment Mean 
Grain Size 

Slope  
(1.5km) 

Plan Curvature / Slope 
Index (5km) 

Bathymetric Position/Slope Index 
(20km) 

+ 

Coral Presence Data 

Environmental Predictor Data 



Model Fitting 

. 

. 

. 
 

MaxEnt version 3.3.3k 
http://www.cs.princeton
.edu/~schapire/maxent 
 

http://www.cs.princeton.edu/~schapire/maxent
http://www.cs.princeton.edu/~schapire/maxent
http://www.cs.princeton.edu/~schapire/maxent


Model Selection 



Spatial Predictions 

Gorgonian Alcyonacea Habitat Suitability Likelihood Classes 



Spatial Predictions 

Gorgonian Alcyonacea Habitat Suitability Uncertainty 



Model Accuracy & Performance Assessment 
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NCCOS Deep Sea Coral Modeling 

Main Hawaiian Islands 
(2014-2016)  

Gulf of Mexico 
(2012-2013) 

Northeast & 
Mid-Atlantic 
(2011-2012) 

Southeast 
(2011-2013) 

West Coast 
(2016-2019) 

US Caribbean 
(2016-2018) 



Northeast & Mid-Atlantic 
Key partners: Martha Nizinski (NEFSC, Nat’l Systematics Lab), Dave Packer (NEFSC), Tim Shank (WHOI), Taylor 
Heyl (WHOI), Peter Auster (U Conn.), Anna Metaxas (Dalhousie), Peter Lawton (Canada DFO), NOAA OER 

• Models created 2011-2012 
 

• 9 coral groups 
 

• 22 predictor variables 
 



Southeast 
 

Key partners: Tom Hourigan (DSCRTP), Andy David (SEFSC), John Reed 
(HBOI), Steve Ross (UNCW), USGS, BOEM 

Lophelia 
pertusa 

• Models created 2011-2013 
 

• 14 coral groups 
 

• 28 predictor variables 
 



Gulf of Mexico 
 

Key partners: Tom Hourigan (DSCRTP), Peter Etnoyer (NCCOS) 

• Model created 2012-2013 
 

• 22 coral groups 
 

• 28 predictor variables 
 



Gulf of Mexico – Predictor Variable Importance Summary 
 



Main Hawaiian Islands 
 

Key partners: Dan Wagner (ONMS), Frank Parrish (PIFSC), Chris Kelley 
(PIFSC), BOEM 

• Models created 2014-2016 
 

• 18 coral groups 
 

• 39 predictor variables 
 



Main Hawaiian Islands 
 

Key partners: Dan Wagner (ONMS), Frank Parrish (PIFSC), Chris Kelley 
(PIFSC), BOEM 
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• 18 coral groups 
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Main Hawaiian Islands – Predictor Variable Importance Summary 



Upcoming Regions: West Coast & US Caribbean 
 

Key partners: Mary Yoklavich (SWFSC), Liz Clarke (NWFSC), Curt 
Whitmire (NWFSC), Peter Etnoyer (NCCOS), Dan Wagner (NCCOS), 
Tim Battista (NCCOS), NOAA OER, BOEM 

West Coast 
(2016-2019) 

US Caribbean 
(2016-2018) 



NCCOS Deep Sea Coral Modeling 
 

            Gorgonian Alcyonacea 
            “Sea fan”-type deep corals 
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Northeast/Mid-Atlantic Model 
Example shown is for Gorgonian Alcyonacea 



Antipatharia 

Scleractinia 

Pennatulacea 

Gorgonian  

Alcyonacea 

None 

Anthomastus 

Antipatharia Scleractinia 
Pennatulacea 

None 

Gorgonian  

Alcyonacea 

Anthomastus 

Sampling with WHOI TowCam and other 
remotely operated platforms 



Antipatharia 

Scleractinia 

Pennatulacea 

Gorgonian  

Alcyonacea 

None 

Anthomastus 

Antipatharia Scleractinia 
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None 

Gorgonian  
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Information feeds back to validate and 
improve models. 

ROC curve 

AUC statistics 

Coral frequency 

S
e

n
s
it

iv
it

y
 (

T
ru

e
 P

o
s
it

iv
e

 R
a

te
) 

1-Specificity (False Positive Rate) 

Example ROC curve is for validation of Gorgonian Alcyonacea Model in the Northeast Region based on images from Tom’s Canyon Complex, Ryan-McMaster Canyon Complex, Powell Canyon, 

and Veatch Canyon.  An AUC value of 0.78 is at the upper end of the “Good” range based on commonly used qualitative descriptors of ROC analyses of model predictive power. 
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Mid-Atlantic & New England Deep Coral Conservation Areas 
 



Research Application Outcome 

Deep-sea coral science to applications 

Geodatabase 

Development 

(2009-2011) 
[NCCOS, NMFS] 

 

 
Dorfman, Poti, Kinlan, 

McGuinn, Etnoyer 

2009 2010 2011 2012 2013 2014 2015 

Predictive 

Modeling  

(2011-2013) 
[NCCOS, NMFS] 

 

 
Kinlan, Poti 

High-resolution 

Seafloor  

Mapping 

(2011-2014) 
[OER, OCS, 

BOEM, NCCOS] 
Kinlan, Sautter, Poti  

Field Validation 

Surveys 

(2012-2015) 
[NMFS,NCCOS,  

WHOI] 

 
Kinlan, Poti 

MAFMC 

Engagement 

(2013-2015) 
[NCCOS, NMFS, 

MAFMC] 
 

Kinlan 

Final Council 

Vote 

(June 10, 2015) 
[MAFMC] 



Northeast and Mid-Atlantic Regional Ocean Planning 



Northeast and Mid-Atlantic Regional Ocean Planning 



Southeast Deep Coral Essential Fish Habitat 

ALL FRAMEWORK-
FORMING 
SCLERACTINIA 

South Atlantic Fisheries 
Management Council 

2012-2014 



Gulf of Mexico Oil & Gas Environmental Assessment & Restoration 



Hawai’i Renewable Energy & Deep-Sea Mining Planning 

? 

? 



Targeting Deep Ocean Exploration 
Key partner: NOAA OER – Okeanos Explorer Program 



Targeting Deep Ocean Exploration 
DSCRTP Southeast Initiative 2016-2019  

Figure. Map showing the three geographic regions in which the 

Southeast Initiative will operate in 2016-2019. The area 

corresponds to the jurisdiction of three fishery management 

councils, including the CFMC, GMFMC and SAFMC, shown in 

gray. Areas where deep-sea coral and sponge ecosystems are 

protected by MPAs in the Southeast U.S. are shown in orange. 
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Data Models 
New Data 
Collection 

Spatial Planning 
Conservation Design 

Environmental Impact Assessment 
Hypothesis Generation 

Adaptive  Spatial Management 
Improved Conservation Plans 
Better Impact Assessments 

Learning 

Updated Models 

Links between Deep-Sea Coral Data, Models and Applications 
 

 



Moving Beyond Presence-Only Models: Challenges 

1. Absences not recorded 

2. Accounting for spatial scale 

3. Statistical framework for data 
integration 
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Leiopathes presences 

Leiopathes presences overlaid on model 

Models Are an Essential Tool for DSC Conservation & Management 
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Benefits of a Systematic, Regional Approach 

Main Hawaiian Islands 
(2014-2016)  

Gulf of Mexico 
(2012-2013) 

Northeast & 
Mid-Atlantic 
(2011-2012) 

Southeast 
(2011-2013) 

West Coast 
(2016-2019) 

US Caribbean 
(2016-2018) 
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